The Salter innominate osteotomy has been used successfully for many years in the treatment of developmental dysplasia of the hip. One of its main drawbacks is the need for internal fixation with pins and their subsequent removal. We describe a modification of this osteotomy that does not require pin fixation and secondary removal. We retrospectively reviewed 114 hips in 94 patients who had been operated on by a single surgeon. An oblique rather than the original horizontal osteotomy was used without internal fixation. There were 80 female and 14 male patients. The mean age at operation was 25 months (18 to 84) and the mean follow-up was 30 months (12 to 88). Most patients required additional open reduction and capsuloplasty. The mean pre-operative acetabular index was 37.9˚ (24˚ to 54˚), which decreased to 19.9˚ (7˚ to 29˚) in the immediate post-operative period, and improved to 14.6˚ (5˚ to 25˚) at the final follow-up (student's t-test, p < 0.0001).
The Salter innominate osteotomy has been used successfully for many years in the treatment of developmental dysplasia of the hip. One of its main drawbacks is the need for internal fixation with pins and their subsequent removal. We describe a modification of this osteotomy that does not require pin fixation and secondary removal. We retrospectively reviewed 114 hips in 94 patients who had been operated on by a single surgeon. An oblique rather than the original horizontal osteotomy was used without internal fixation. There were 80 female and 14 male patients. The mean age at operation was 25 months (18 to 84) and the mean follow-up was 30 months (12 to 88). Most patients required additional open reduction and capsuloplasty. The mean pre-operative acetabular index was 37.9˚ (24˚ to 54˚), which decreased to 19.9˚ (7˚ to 29˚) in the immediate post-operative period, and improved to 14.6˚ (5˚ to 25˚) at the final follow-up (student's t-test, p < 0.0001).
We believe that by changing the direction of the osteotomy line, it is possible to avoid pin fixation. The radiological outcomes are comparable to those of the original technique, but longer follow-up will be necessary.
In 1961, Salter 1 introduced the innominate osteotomy for the treatment of developmental acetabular dysplasia. Since that time, excellent results have been achieved with this procedure, not only in the treatment of developmental dysplasia of the hip (DDH), but also in Perthes' disease, and teratological dislocations. [2] [3] [4] However, there remain some associated problems. One is the need for internal fixation to control the graft and the distal fragment. Complications of fixation include pin breakage, joint penetration, and pin migration with or without secondary graft displacement. [5] [6] [7] [8] In some children, the iliac crest may be very thin and the pins used for internal fixation may damage the graft itself. A second operation to remove the pins is necessary. In this retrospective study, we present a modification of the Salter osteotomy which is relatively stable and does not require internal fixation.
Patients and Methods
The study group was composed of patients with a diagnosis of DDH who were operated on between 1997 and 2004. The operations were performed by a single surgeon (AE) and the radiological evaluation by two independent orthopaedic surgeons (MP and GD), who were not members of the department. Patients who had a complete set of radiographs with a minimum follow-up of 12 months were included in the study. Surgical technique. The patients are operated on in the supine position with a sandbag under the ipsilateral hip. An anterolateral approach is used. The straight head of the rectus femoris is elevated from the anterior inferior iliac spine and the reflected head transected. The iliopsoas tendon is divided at the pelvic brim. When open reduction is necessary, the capsule is opened by an incision parallel to the edge of the acetabulum and an inverted U flap raised from the femoral side. 9 The ligamentum teres and the transverse acetabular ligament are excised. The iliac wing is exposed subperiosteally and two Hohmann retractors placed in the sciatic notch. The osteotomy starts approximately 15 mm above the acetabulum between the anterior superior and the anterior inferior iliac spines, and runs obliquely into the sciatic notch (Fig. 1a) . It is performed with an osteotome under direct vision and the osteotomy line is parallel to the acetabular surface on the anteroposterior (AP) view. The superior articular margin of the acetabulum is followed to determine the angle of the osteotomy. Secondary to the oblique direction of the osteotomy, the distal part of the ilium lies parallel to the floor when the osteotomy line is opened by using towel clips on both sides (Fig. 1b) . A triangular graft is taken from the ipsilateral iliac wing, with sides approximately 15 mm × 25 mm long, and is placed into the osteotomy perpendicular to the weight-bearing axis. The stability is tested in the mediolateral direction and by a push-pull test, pushing the ipsilateral hip upwards. Pins are inserted if the surgeon is not satisfied with the stability of the graft; otherwise no internal fixation is used. In patients who have required open reduction, the hip is relocated; the U flap is inverted and sutured to the anteromedial acetabulum, and excess capsule excised. Patients are put into a hip spica for six to eight weeks and the wound not inspected unless clinically indicated. An abduction orthosis is then used for three months. Radiological evaluation. The pre-operative radiographs were evaluated and the hips classified using the Tönnis classification. 10 The acetabular index was measured on the AP pelvic radiographs pre-operatively, immediately postoperatively, and at final follow-up. The immediate postoperative radiograph was reviewed for graft tilting or dislocation. The final follow-up radiographs were evaluated for subluxation or redislocation. We did not evaluate the radiographs for avascular necrosis for two reasons. First, this was a report of a modified technique and we focused on the corrective capacity of the osteotomy. Secondly, follow-up was relatively short, and to evaluate patients for AVN reliably they should be followed until skeletal maturity. Statistical analysis. This was performed using SPSS 11.0 software (SPSS Inc., Chicago, Illinois). Following demonstration of the normal distribution of the data, the acetabular indices were compared using Student's t-test.
Results
Between 1997 and 2004, 134 hips were operated upon in 110 patients. Of these patients, 16 were excluded secondary to inadequate follow-up (minimum follow-up 12 months). A total of 94 patients (80 females and 14 males; 114 hips) therefore, qualified for the study. We excluded four patients (four hips) because the graft was unstable and pin fixation was necessary; 20 patients had bilateral involvement. The mean age at the time of operation was 25 months (18 to 84). The mean follow-up was 30 months (12 to 88). Three hips (2.7%) were Tonnis grade I, 50 (45.5%) were grade II, 32 (29.1%) were grade III, and 25 (22.7%) were grade IV. Most patients had no treatment prior to the procedure. Three were treated with a Pavlik harness, four had prior closed reduction, and one had undergone an open reduction. None of the patients had pre-operative traction. In addition to modified Salter osteotomy, open reduction and capsuloplasty was required in 100 hips (91%). Eight patients (8.9%) required additional procedures to obtain a stable hip. Five patients had a combined procedure of open reduction, pelvic osteotomy and femoral shortening with derotation, one had a varus and one a valgus femoral osteotomy and one a derotation osteotomy.
The mean pre-operative acetabular index was 37.9( 24˚ to 54˚). Immediately post-operatively, it was 19.9˚ (7t o 29˚) (Student's t-test, p < 0.0001) and at final follow-up, it had further improved to 14.6˚ (5˚ to 25˚) (Student's t-test, p < 0.0001) (Fig. 2) . Complications. Five patients (5.5%) had a superficial infection which healed uneventfully. None had a deep infection or haematoma. In the immediate post-operative period, two patients (2.2%) had tilting of the graft which did not compromise the reconstruction, as the acetabular indices at Drawings showing a) the osteotomy performed 15 mm above the acetabulum and the line of the osteotomy directed obliquely into the sciatic notch and b) after placement of the graft, the distal end of the osteotomy becomes parallel to the ground. A, triradiate cartilage; B, osteotomy line; C, acetabular redirection; D, bone graft. final follow-up were 13˚ and 18˚, respectively. There was no redislocation, but five patients (5.5%) developed subluxation. Four of these had an acetabular index ranging between 12˚ and 18˚ at final follow-up. One patient had an acetabular index of 26˚ at final follow-up.
Discussion
Several pelvic osteotomies have been developed to improve acetabular cover. Several studies have verified the safety and efficacy of the Salter osteotomy. [11] [12] [13] [14] [15] [16] However, it is not free of complications such as graft or pin displacement, 7, 11, 13, 16 redislocation of the hip, 6, 7, 11, 13 haematoma and superficial infection, 5, 7, 12, 14, 15, 17 deep infection, 7,14,15 persistent stiffness of the hip joint, 7 femoral fracture, and AVN of the femoral head. 6, 7, 11, 12, 17 Because this osteotomy is inherently unstable, some form of internal fixation is inevitable. Salter 1 described the use of Kirschner (K)-wires for fixation, and this remains currently the most common form of fixation. Some authors have observed pin migration into the pelvis and suggested the use of threaded pins to avoid this. 6 Such implants are usually removed later, which increases the morbidity and the cost of the procedure. Kremli 17 suggested the use of biodegradable pins, which produced comparable results and eliminated the need for a second operation. Kalamchi 18 described a modification where the distal fragment fits into a notch in the ilium, which increases the stability of the osteotomy. Marafioti and Westin 8 described a modification in which a greenstick fracture is produced in the remaining portion of the ischium. The inherent stability provided by this fracture enabled them to eliminate pins for internal fixation. In this study, we describe a modification in which the osteotomy is complete and no internal fixation is needed. This has the advantage that it eliminates complications from the pins and a second procedure to remove them.
In the classic Salter osteotomy, the distal fragment is inclined downwards, which makes the graft prone to displacement. The technique which we describe follows the same philosophy, but uses an oblique osteotomy. Following the redirection of the osteotomy, the distal iliac fragment becomes horizontal, which produces a more stable situation for the bone wedge. We suggest this is the main factor that increases stability. However, we recognise that this is speculative, and further biomechanical studies should be undertaken to test the stability of the modified osteotomy. The change in the direction of the osteotomy does not compromise the redirection potential. Radiological evaluation demonstrated that the modified pinless Salter osteotomy produced similar results to the original osteotomy. The acetabular index was restored to within normal limits in the immediate post-operative period and continued to improve thereafter. Lin et al 15 reported a mean of 13˚ of correction, whereas Bohm and Brzuske 13 reported a mean of 11.9˚ of correction with a Salter osteotomy. Ito et al 14 reported a mean 16.4˚ improvement in the acetabular index. The mean correction of 18˚ in this series was comparable to those reported in the literature. Elimination of the need for internal fixation should reduce the length of the procedure to some extent, but we did not have a control group, and are unable to comment on reduction in operating time.
Complications related to pin placement may reach 7.4%. Some are related directly to the pins, and others are indirect, such as loss of correction secondary to pin misplacement. As we did not use pins in this series, there were no complications directly related to them. In the literature, the rate of graft displacement ranges between 0% and 17%. 5, 7, 13, 16, 17 In this series, the rate of graft displacement was 2%. This low rate of graft dislocation may be the result of the care taken to verify the stability of the graft with this technique. There were five superficial infections (4%), which was comparable to previous reports. 5, 7, 12, 14, 16, 17 There were no deep infections and no further dislocations although there were five (4%) subluxations. However, four of these had an acetabular index with normal limits at final follow-up. These results are similar to those of previous studies 7, [11] [12] [13] 16 These patients were among the early patients in the series when the operating surgeon (AE) had a very low threshold for fixation. If there was any concern about stability during intra-operative testing, we used pin fixation. These patients might have healed uneventfully without pin fixation, but we did not wish to take the risk of graft displacement. We believe that testing for intraoperative stability is an important part of this modification, and the surgeon should not hesitate to add pin fixation if there is any question of instability.
There are limitations to this study. We did not report the rate of AVN, as the patients were not followed up to skeletal maturity. This is a report of a modified technique and we believe the current follow-up is acceptable. All operations were performed by a single surgeon, which increases the homogeneity of the patient group. We did not evaluate the patients for limb lengthening or the hips for anterior cover.
In summary, we believe that pinless Salter osteotomy is a safe and effective method to treat DDH. It eliminates the need for a second procedure and complication rates are comparable to those of the original technique. Further studies should be undertaken to report the reproducibility of the technique by different surgeons as well as the long-term clinical and radiological outcome.
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